Background: Contrast induced nephropathy remains important cause of hospital-acquired acute kidney injury and affects between 2% of the general population to 50% of high-risk subgroups following coronary intervention. Objectives: To determine the incidence and to study the various risk factors associated with CIN. Patients and Methods: In our study, total of 212 patients (154 males and 58 females) who received non ionic iso osmolar contrast media during percutaneous transluminal coronary intervention were included. We diagnosed CIN by a relative increase of >25% or an absolute increase of >0.5 mg/dl in serum creatinine levels two days after procedure. Results: The incidence of CIN in our study was 15.1%. In univariate analysis: age >75 years, hypertension diabetes mellitus (DM), heart failure, hypotension, CKD [creatinine >1.5mg/dl] and increased contrast volume were associated with increased risk of CIN whereas, gender, anemia and use of IABP failed to reach statistical significance. As the number of risk factor and/or volume of contrast increases, the incidence of CIN increases exponentially. Conclusion: Since there is no established treatment for CIN, all possible efforts should be taken to prevent it from occurring by identifying patients at risk. CIN is related with many risk factors, so whenever multiple risk factors are present in an individual patient, lowest dose of contrast should be used and adequate hydration should be given.
Introduction
Contrast induced nephropathy (CIN) is iatrogenic deterioration of renal function following intravascular contrast media administration in the absence of other nephrotoxic event. CIN is widely recognised as the third most common cause of hospital acquired acute kidney injury (AKI) [1] . Ruling out other causes of AKI is necessary, as small rise in serum creatinine occur in 8 to 35% of hospitalized patients without exposure to contrast media [2] . Among all procedures for diagnostic or therapeutic purposes, PCI were associated with the highest rate of CIN [1] . The serum creatinine typically rises in 3-5 days after exposure to contrast media and returns to baseline within 1-3 weeks [3] . Thus most cases of CIN are self limiting, however in patients with multiple risk factors for CIN, it can leads to morbidity and even mortality [4] . Reported incidence of CIN in various studies were between 2% and 50%, depending upon the definition of CIN used [4, 5, 6] . Many risk factor influences CIN, so every known risk factor should be analyzed, because as the number of risk factors increase cumulative risk increases [7] . Identification of patients at risk for CIN is important. Risk factors are broadly classified as :-Non-modifiable, includes CKD, DM, elderly, heart failure and shock, while volume of contrast, nephrotoxic medications, hypotension, dehydration, anemia and intra-aortic balloon pump (IABP) insertion represent the modifiable risk factors.
Aims and objectives:
In our study, we evaluated the incidence of CIN at our centre, significance of various risk factors, need for hemodialysis and CIN related in hospital mortality.
CIN:
The most accepted definition is that of the European Society of Urogenital Radiology (ESUR) which defines CIN as "an increase in serum creatinine by >25% or an absolute increase of 44.2 mmol/l [0.5 mg/dl] within 3 days after intravascular administration of contrast medium, without an alternative etiology" [8] . CIN is a diagnosis of exclusion, after other causes of AKI (prerenal/ intrinsic/ post renal) have been ruled out. 
MATERIAL AND METHODS
In our study we enrolled 212 consecutive patients (age ≥ 18 years) of coronary artery disease (CAD) who were admitted to undergo PCI, between march 2018 to february 2019 at a tertiary care hospital in north India. Clinical history taken and blood samples were obtained at the time of admission and at 48 hours after the PCI. Nephrotoxic drugs including metformin were stopped 24 hours prior to the procedure. Nonionic iso osmolar contrast medium (iohexol) was the sole contrast agent used. Pre and post procedure serum creatinine level analysis done from the same reference laboratory to avoid the inter laboratory variability. We diagnosed CIN by 25% relative increase, or a 0.5 mg/dl (44 µmol/L) absolute increase in serum creatinine after 48 hours of contrast exposure, in the absence of an alternative cause.
Statistical Analysis: Continuous variables were expressed as mean, standard deviation (SD), and qualitative data were presented as percentages. Chisquare test was used to determine any significant difference between two groups. p value of less than 0.05 was considered significant. The statistical analyses were performed with SPSS software (version 16.0)
RESULTS
In our study, all 212 patients were adult, with age between 18 to 85 years. The mean age of patients was 63.42 ± 12.36 years with 154 (72.64%) male and 58 (27.36%) were female. The male female ratio was The various risk factors evaluated in our study were age, gender, anemia, hypertension, hypotension, volume of contrast, congestive heart failure, intra-aortic balloon pump, DM and preprocedural serum creatinine levels. Table 1 showing univariate analysis of binary logistic regression for the dependent variables. In univariate analysis age >75 years, hypertension, DM, CHF, hypotension, CKD [creatinine>1.5mg/dl] and increased contrast volume were associated with increased risk of CIN whereas, gender, anemia and use of IABP failed to reach statistical significance among patients undergoing PCI. In our study, the relative risk of developing CIN was higher with large volume of contrast used, periprocedural hypotension and preexisting renal insufficiency [ Table  1 ]. In patients with three or more risk factors, the incidence of CIN was higher [88.33%] if more than 100 ml contrast given compared to [71.43%] patients with less than 100 ml contrast used. However these differences were not statistically significant suggesting multiple risk factors makes patients susceptible to CIN even on <100 ml of contrast exposure. In patients with two or less than two risk factors there was consistently lower incidence of CIN in patients with lesser [<100 ml ] volume of contrast used, suggesting small volume of contrast causes fewer cases of CIN in patients with lesser number of risk factors and vise versa [ As volume of contrast increases, there was increase in CIN incidence exponentially (table 5) . CIN detected in 6.34% of patients if procedure completed in 100ml compared to 54.54% developed CIN if contrast volume of more than 200ml was used. In our study the mean volume of contrast administered was significantly higher in CIN group (P < 0.001).
DISCUSSION
The incidence of CIN mentioned in the literature varies widely. The two larger studies of 7586 and 8628 patients undergoing PCI reported incidences of CIN of 3.3% and 16.5%, respectively [9, 10] . The incidence of CIN in our study was 15.1%. The higher incidence of CIN in our study was due to aggregation of multiple risk factors in our patients, also complex PCI including CTOs were attempted.
Advanced age is a non modifiable risk factor for the occurrence of CIN [11] . Ageing predispose patients to renal salt and water wasting due to reduction in renal mass, function, and perfusion [12] . The study by Mehran et al in 2004 puts the incidence at as high as 21.8% among those aged >75 years [10] . The incidence of CIN in our study in the elderly patients was higher than younger individuals (33.33% vs 12.43%) and it did achieve statistical significance (P < 0.0046).
In a study by Iakovou I et al female sex was an independent predictor of CIN [10] , while in another study by Rudnick MR et al male gender was independently associated with occurrence of CIN [13] . However, in our study there was no gender preponderance [p= 0.0677].
Preexisting renal insufficiency is one of the most important risk factor for CIN. In our study the mean creatinine level of patients undergoing PCI was 1.21 ± 0.42 mg/dl [table 2 ]. The baseline serum creatinine levels of those who developed CIN were higher (p=0.0017). The incidence of CIN in CKD patients was extremely high, ranging from 14.8 to 55% [4, 14] . In our study CIN occurred in 41.2% patients with creatinine >1.5mg/dl. Out of two patients (6.25%) who developed CIN and required hemodialysis, one finally recovered his renal function after prolonged hospital stay but another one (3.125%) died because of sudden cardiac arrest in hospital, although, it was difficult to establish that CIN was actually the cause of the death in that patient, CIN at the very least is a marker for increased morbidity and mortality.
Heart failure predisposes the patient to increased risk of CIN, possibly due to decrease in effective circulatory volume, inadequate diuresis and release of vasoconstrictor substances [15] . In the studies done by Rihal et al [16] and Bartholomew et al [17] CHF was an independent risk factor for CIN. The incidence of CIN in CHF patients in our study was 29.3% [p < 0.0048].
A baseline hematocrit value < 39% for man and < 36% for woman is a risk factor for developing CIN [18] . However, we did not observed such association in our study, possibly because mild anemia (mean hemoglobin 11.6 ± 1.32 mg/dl) may not cause statistically significant difference in CIN [P=0.47].
Diabetes predict CIN only if there was associated diabetic microangiopathy [19] . The incidence of CIN in diabetic patients varies from 5.7 to 29.4% [20] . In our study incidence of CIN in DM was 28.95% [p < 0.0085].
Hypertension is a significant risk factor for the occurrence of CIN [17, 21] , as it is usually associated with advanced atherosclerosis of the aorta and suggests that atheroembolization to the kidney during procedure causes AKI [22] . Hypertension induced endothelial injury could be one of the predisposing factors for the CIN [23]. In our study incidence of CIN in hypertensive patients was 27.5% [p < 0.015].
The contrast volume is a main modifiable risk factor for CIN. In our study the mean volume of contrast used per patient was 102.84 ± 35.86 ml. As volume of contrast increases, there was exponential increase in CIN incidence in our study (P < 0.001) as already established [24] . IABP insertion may be linked with CIN via (a) atheroemboli to the kidney during IABP use (b) it may partially occlude renal blood flow if positioned too low in the aorta. Periprocedural hypotension and use of IABP were shown to be powerful independent predictors of CIN [15] . In our study, IABP was used only in two patients (0.94%) and one of them developed CIN, but it failed to reach statistically significance [p=0.166].
Study limitations: a) non randomized study, b) small sample size, data obtained from a single hospital, c) the absence of data on serum creatinine later than 48 h after PCI might result in underestimation of CIN incidence, d) No long term follow up of CIN patients, e) rare risk factors [hyperuricemia, multiple myeloma etc] were not included in our study, f) other markers of renal injury like Cystatin-c, KIM-1, NGAL were not used.
CONCLUSION
Our study highlights the few important facts. Most importantly, the incidence of CIN in patients with multiple risk factors undergoing PCI was as high as 83.33% particularly if large volume of contrast used, and not necessarily decreases by decreasing contrast volume. There was significant increase in CIN incidence with increasing risk factors, as every risk factor had cumulative effect to cause CIN. Lastly as volume of contrast increases, CIN incidence increases exponentially. Since there is no well established treatment for CIN, every effort should be taken to prevent it by recognizing at risk population, weighing risk-benefit ratio of procedure in all patients. Maintain adequate hydration in periprocedural period, avoiding nephrotoxic medications and whenever indicated [particularly in diabetes mellitus and chronic kidney disease patients] staged procedure or CABG, manage accordingly, thereby decrease contrast exposure to minimum at a time.
